A cohort of 736 male and 167 female workers of two anthophyllite mines in Finland was followed up through the Finnish Cancer Registry for cancer in 1953-91. Compared with the total cancer incidence of the east Finnish population, the men had a raised risk of total cancer (standardised incidence ratio (SIR) 1-7; 95% confidence interval (95% CI)
Numerous epidemiological studies on industrial workers exposed to asbestos have been published but there are still only a few studies of miners exposed to only one type of asbestos.'-5 In a sparsely populated area of Finland, two anthophyllite mines were in operation between 1918 and 1975. One, Paakkila, had a dry hammer mill that produced much dust. The average fibre concentration was still 50 fibres/ml in the late 1960s.6 Two reports on the cancer mortality of the workers of these mines have been published earlier. 78 The main purpose of this study was to find out whether the biological effects of anthophyllite asbestos dust differ from the effect of other asbestos types and whether earlier reports that it does not cause mesothelioma in humans are still valid after an extended follow up period. Because the use of anthophyllite asbestos in Finland has been exceptionally high and anthophyllite fibres, as well as fibres of other types of asbestos, have often been found in lung specimens of Finnish industrial workers,910 the biological effect of anthophyllite is of national importance.
Materials and methods
Two anthophyllite asbestos mines (Paakkila and Maljasalmi) were in operation from 1918 , and the salary lists had been maintained fairly completely by the mining company since 1936. The lists included the names of the workers and their periods of employment, and mostly the types of work they had carried out. The cohort analysed in this study consisted of all those who had been working for a period of at least three months in the mines between 1 January 1953 and 1 July 1967.
The identification of the persons and follow up for death and emigration for the years 1936-67 was done manually from the Finnish national population registry and local church registrars.7 A further follow up for death and emigration was done automatically in the Population Register Centre from the unique personal identification number given to everybody residing in Finland since 1 January 1967.
Also the follow up for cancers through the files of the Finnish Cancer Registry was made manually for those who died before 1 January 1967 and automatically for those who had the personal identification number. The follow up for cancer started on 1 January 1953, the date when a nationwide cancer registration started in Finland. The members of the cohort who had died in 1952 or earlier were thus excluded. The calculation of personyears started three months after the beginning of work or on 1 January 1953, whichever occurred last, and ended at emigration, at death, or on 31 December 1991, whichever occurred first. There were no losses for follow up.
Meurman and coworkers had collected additional information about all except 20 asbestos mine workers who were alive on 1 July 1967.7 These data included smoking habits (duration and amount) and work history (duration, quality, and intensity of any dusty work). The working population was divided in this study into two subgroups: (a) "heavily exposed"-that is, those who had been at work either in the mines or the mill and (b) "moderately exposed"-that is, the rest of the personnel.
The numbers of observed cases and person-years at risk were counted, by five-year age groups, separately for five calendar periods and various categories according to the follow up time since the beginning of work. Further division was made by smoking category and analysed only for those interviewed. In these calculations, the follow up for incidence of cancer was started at the beginning of the year after the interview-that is, on 1 January 1968. Those that died before that date and the 20 persons for whom no interview data were available were excluded from these analyses.
The expected numbers of cases for total cancer and for specific cancer types were calculated by multiplying the number of personyears in each age group by the corresponding average cancer incidence in the same larger administrative unit of Finland where the mines were located (population 0 9 million) during the period of observation. The specific cancer types selected to be studied separately were cancers of the oesophagus, stomach, colon, rectum, larynx, lung, breast, female genitals, prostate, and bladder as well as cancers of the pleura or peritoneum histologically confirmed as mesothelioma. Lung cancer was studied also by histological type as recorded in the Cancer Registry files. The necropsy percentage in this cohort was about 30. During the total 39 year follow up period, 137 cases of cancer were found among men; the expected number was 82X7 (table 2). The SIR for those with heavy asbestos exposure was 1-7 (95% confidence interval (95% CI) 1-4-2-1) and for those with moderate exposure 1-6 (95% CI 1.2-2-1). For lung cancer, a more increased risk was obtained for those heavily exposed (SIR 3-2; 95% CI 2-4-4K1) than for those moderately exposed (SIR 2-3; 95% CI 1 5-3-6). No significant differences were found between histological types (table  2) . There were four cases of mesothelioma among the heavily exposed men (three in the pleura and one in the peritoneum) v 0-06 expected (SIR 67; 95% CI 18-172; table 2).
There was no trend by time of follow up since first employment in any of the categories defined by the duration of exposed time. The risk ratios (RRs) among the heavily exposed men were higher among the men with at least five years of exposed time than in the total male cohort (table 3).
In the subcohort of 98 heavily exposed women there were smokers. In the early 1960s some 60% of Finnish men smoked. '4 This means that the SIRs for, for example, lung cancer obtained for smokers, should be multiplied by a factor of at least three (given that one half of the population are smokers and thus have a fivefold RR of lung cancer in comparison with non-smokers) if a comparison with a nonsmoking non-exposed population is required. In that case the risk estimates of Meurman and coworkers7 still seem to be valid. Among Danish asbestos cement workers exposed to mixed types of asbestos the highest RR (3'3) was for adenocarcinoma; the risk for all other histological types of lung cancer was about 1 6."5 Our results suggest the opposite risk pattern, or maybe no difference at all by histological type.
All the four cases of mesothelioma were among men who had been heavily exposed for 13-31 years and who also smoked. The time from the first employment to the detection of mesothelioma was long (39-53 years). Mesothelioma cases are rare in Finland: for the whole reference area with a population of 0 9 million, 47 cases of mesothelioma were registered in 1982-91. This corresponds to an age adjusted (world standard) incidence of 0-4/10 both in males and in females. The liability of the reference incidence in the case of mesothelioma makes the estimation of real SIR more unstable than in the case of other sites analysed here. The RR for mesothelioma among asbestos workers, however, seems to be several orders of magnitude higher than that of the Finnish average.
The numbers of other types of cancer were so small that no clear conclusions can be drawn. The only significantly increased SIR-besides the SIRs of lung cancer and mesothelioma-was the 6-8-fold risk (95% CI 2-2-16) for cancer of the corpus uteri. This association has not been reported in any earlier study and there are no biological mechanisms known to account for asbestos exposure and risk of this cancer.
Although all types of asbestos cause asbestosis and lung cancer, the differences in the mechanisms of different types of asbestos are not well known. In animal tests it has been proved that all types of asbestos, including anthophyllite, can cause mesothelioma. 16 Therefore it was expected that there would be mesothelioma also among anthophyllite miners.
The chemical composition varies between the different types of asbestos and only the fibrous structure is common for all the types. Therefore it is likely that the carcinogenic properties of different asbestos types depend on the fibre structure. Chrysotile asbestos is spiral and tubular whereas the amphibolic types are straight and not hollow. Instead, the thickness of the fibres is systematically different between the amphibolic asbestoses. Anthophyllite asbestos is more crude than crocidolite asbestos. The potential to cause pulmonary fibrosis depends on the surface area of the fibre, and not on the aspect ratio. '7 Therefore, the potential of crocidolite to cause fibrosis is higher than that of the anthophyllite asbestos. Assuming that the carcinogenic potential and fibrogenic potential are correlated, the surface area of fibre should also be related to the carcinogenic potential of the asbestos type.
Most of the earlier studies suggest that crocidolite and amosite asbestos would be more strongly associated with causation of lung cancer than chrysotile or anthophyllite.218 The results for asbestos factory workers differ from the results for asbestos miners. It is suggested that the "textile anomaly"'9 is caused by the mineral oil spray used for eliminating dust in factories that is contaminated with asbestos fibres. Workers in a factory that had used only amosite asbestos experienced an SMR of 5-4 for lung cancer20 whereas the SMR among white male miners of amosite mines in South Africa was only 1-4. 
